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(54) ION TRAP TYPE MASS SPECTROMETER AND ION TRAP MASS SPECTROMETRY 

(57)Abstract: , 
PROBLEM TO BE SOLVED: To increase ion concentration of a 
sample and to make mass spectrometry with high resolution and 
a high S/N ratio by deflecting an ion beam containing the ionized 
sample, and feeding the ion beam containing ions with the 
selected mass to an ion trap type mass spectrometric section. 
SOLUTION: A mixed sample subject to mass spectrometry is 
component-separated by a preprocessing system 2, the mixed 
sample and a solvent are ionized by an ionization section 3, 
unnecessary ions and neutral molecules are removed by a 
deflection mass selection section 10, and the mixed sample is 
fed to an ion trap type mass spectrometric section 5 through a 
focusing lens system 4. The mass spectrometric section 5 is 
composed of a ring electrode 51 and end cap electrodes 52, 53 
facing each other across the ring electrode 51, and a DC voltage 
and a high-frequency voltage are applied between the electrodes 
from a high-frequency voltage power supply 8 to form the 
quadrupole electric field between the electrodes. An ion beam 
from the focusing lens system 4 is fed between the ring 
electrode 51 and the end cap electrodes 52, 53 through a center 

port 13, is captured by the quadrupole electric field, and is detected by a detector 6 through a center 
port 55, then a mass spectrum is obtained as tiie final analysis result. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the ion trap mold mass spectroscope which has the ion trap mold mass analysis section 
which catches an ion beam by quadrupole electric field, and carries out mass separation of the caught 
ion The deflection and the mass discontiguous-selection section which deflects the Ion beam containing 
the ionized sample, and chooses the mass of ion The ion trap mold mass spectroscope characterized by 
supplying the ion beam containing the ion which prepared for the preceding paragraph of said ion trap 
moid mass analysis section, and was chosen in said deflection and mass discontiguous-selection section 
to said ion trap mold mass analysis section. 

[Claim 2] Said deflection and mass discontiguous-selection section are the ion trap mold mass 
spectroscope of claim 1 which has four pin electrodes and is characterized by said four pin electrodes 
curving in the same direction. 

[Claim 3] The ion trap mold mass spectroscope of claim 2 characterized by having the RF generator 
which impresses high-frequency voltage to said pin electrode. 

[Claim 4] Said high-frequency voltage is the ion trap mold mass spectroscope of claim 3 characterized 
by being the superposition electrical potential difference of high-frequency voltage and direct current 
voltage. 

[Claim 5] Said high-frequency voltage is the ion trap mold mass spectroscope of claim 3 characterized 
by being the superposition electrical potential difference of two high-frequency voltage from which a 
frequency differs. 

[Claim 6] Said deflection and mass discontiguous-selection section are the ion trap mold mass 
spectroscope of claim 1 characterized by having the deflecting electrode which deflects said ion beam, 
and four parallel pin electrodes. 

[Claim 7] Said deflecting electrode is the ion trap mold mass spectroscope of claim 6 characterized by 
being the curved octpole electrode. 

[Claim 8] Said deflection and mass discontiguous-selection section are the ion trap mold mass 
spectroscope of claim 1 characterized by having arranged each class at the serial so that it may have 
four parallel pin electrodes two or more sets and the inter-electrode medial axis of each class may 
cross. 

[Claim 9] The ion trap mass-analysis approach of carrying out the ion beam included in said ion which 
has the deflection selection step which deflects the ion beam containing the sample ionized by 
quadrupole electric field in the ion trap mass-analysis approach of having the capture step which 
catches an ion beam, and the step which carry out the mass separation of the caught ion, and chooses 
the mass of ion, and was chosen at said deflection selection step after said deflection selection step 
being captured at said capture step as the description. 

[Claim 10] It is the Ion trap mass analysis approach of claim 9 which said deflection selection step has 
the step which impresses high-frequency voltage to four pin electrodes which are curving in the same 
direction based on the mass number pair charge ratio of the ion which should be chosen, and is 
characterized by said ion beam passing through between said four pin electrodes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention supplies the solvent molecule and sample which were ionized to 
ion trap inter-electrode, and relates to the ion trap mold mass spectroscope and ion trap analytical 
method which analyze the mass of ion to high sensitivity. 
[0002] 

[Description of the Prior Art] When carrying out mass analysis of the mixture sample, highly precise 
analysis is attained by combining the preprocessor which carries out segregation of the mixture sample, 
and a mass spectrograph. Usually, a gas chromatograph, a liquid chromatograph, etc. are used as 
preprocessor. In the case of a gas chromatograph. in the case of inert gas and a liquid chromatograph, in 
the gas chromatograph and liquid chromatograph of preprocessor, the difference in adsorption power of 
as opposed to a sink and a stationary phase for a mixture sample has separated the mixture sample with 
the solvent into the column in which the stationary phase was put. The sample by which segregation was 
carried out by preprocessors, such as a gas chromatograph and a liquid chromatograph, is ionized before 
flowing into an ion trap mold mass spectrograph. At this time, a solvent molecule is ionized 
simultaneously, and what is not ionized but exists in inside with a neutral condition is produced. Since 
the solvent molecule of a neutral condition causes a noise at the time of detection, it is necessary to 
remove it. 

[0003] It indicates JP,5-325882,A and JP.7-85834,A deflecting the ion beam in which a solvent molecule 
and a sample are contained using a deflecting electrode, supplying it to the mass analysis section, and 
removing the neutral molecule which is not deflected. 
[0004] 

[Problem(s) to be Solved by the Invention] Although a neutral molecule and ion are separable using the 
deflecting electrode of the above-mentioned conventional technique, there is no mass selectivity of ion 
and the ionized solvent molecule cannot be removed. 

[0005] Since the solvent molecule and sample which were ionized are caught by ion trap inter-electrode 
together in the case of the conventional ion trap mold mass spectrograph, the consistency of the ion of 
ion trap inter-electrode space becomes large too much, resolution may fall, or a mass shift may occur, 
and the analysis engine performance may fall. In order to maintain and carry out mass analysis of the 
analysis engine performance, a limitation is in the number of the ion which can be caught to ion trap 
inter-electrode, and mass analysis of a lot of samples cannot be carried out at a time. Since the about 
3-5 figures of the numbers of sample ion of number [ especially ] of the solvent molecules ionized when 
using a liquid chromatograph as preprocessor increase, it occupies a majority of ion with which solvent 
ion was caught by ion trap inter-electrode, and the problem it becomes impossible to supply to mass 
analysis the sample ion trap inter-electrode of a complement produces it 

[0006] Although unnecessary solvent ion may be immediately detached by mass and you may remove 
from ion trap inter-electrode after supplying the solvent molecule and sample which were ionized to ion 
trap inter-electrode, the solvent ion of the large quantity destabilized in this case adhering to the 
stanchion of an electrode etc., distorting ion trap inter-electrode electric field, and reducing the analysis 
engine performance is also considered. 

[0007] the concentration of the sample ion which should carry out mass analysis of the object of this 
invention — raising ~ a high resolution — and it is a higher S/N ratio and is in offering the ion trap mold 
mass spectroscope and ion trap mass spectrometry which can. perform mass analysis. 
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[0008] 

[Means for Solving the Problem] The ion beam in which the deflection and the mass discontiguous- 
selection section which deflects the ion beam containing the ionized sample, and chooses the mass of 
ion contain the ion with which the preceding paragraph of the ion trap mold mass analysis section was 
equipped, and which was chosen in a deflection and the mass discontiguous-selection section has the 
description of this invention of attaining the above-mentioned object in the ion trap mold mass analysis 
section being supplied. According to this description, even if a neutral molecule is supplied to a 
deflection and the mass discontiguous-selection section with the ionized sample, mass selection of the 
ion beam is deflected and made in a deflection and the mass discontiguous-selection section, but since a 
neutral molecule goes straight on in the direction which carried out incidence, the selected ion and the 
selected neutral molecule are separated. Only the ion beam containing the selected ion is supplied to the 
ion trap mold mass analysis section, low [ by a lot of unnecessary ion ], since the concentration of the 
sample ion by which mass analysis should be carried out in the ion trap mold mass analysis section can 
be raised — resolution — the which does not receive adverse effects, such as-izing and generating 
of the noise by the neutral molecule, — more — a high resolution — and mass analysis can be 
performed by the higher S/N ratio. 

[0009] Moreover, between pin electrodes, curved quadrupole electric field are formed along with the bow 
of a pin electrode by having four pin electrodes with which a deflection and the mass discontiguous- 
selection section are curving in the same direction. The ion beam supplied to a deflection and the mass 
discontiguous-selection section moves quadrupole electric field along with the bow of a pin electrode, 
and although mass selection is made, since a neutral molecule goes straight on in the direction which 
carried out incidence, it can separate the selected ion and the selected neutral molecule. 
[0010] Moreover, high-frequency voltage is impressed to a pin electrode from an RF generator, and 
quadrupole electric field are formed between pin electrodes. When it is that in which high-frequency 
voltage does not have a dc component, the ion below the mass number pair charge ratio called for based 
on the amplitude and frequency of alternating voltage is removed from between pin electrodes. When 
high-frequency voltage has a dc component and an alternating current component, the ion of the range 
of a mass number pair charge ratio called for based on the magnitude of direct current voltage, the 
amplitude of alternating voltage, and a frequency is removed from between pin electrodes. When it has 
the alternating current component whose high-frequency voltage is two, the unnecessary ion with which 
the mass range of the ion which should be carried out mass analysis is dotted can be eliminated. 
[001 1] Moreover, an ion beam may be deflected with a deflecting electrode, a neutral particle can be 
removed, and ion may be chosen with four parallel pin electrodes. For example, if the octpole electrode 
which curved as a deflecting electrode is used, since the octpole electrode is excellent in the stability of 
ion transport, it can lessen ion loss by the deflection of an ion beam, and can perform mass analysis of 
high sensitivity more. 

[0012] Moreover, if it arranges to a serial, using the group of four parallel pin electrodes two or more so 
that each inter-electrode medial axis may cross, an ion beam is deflected between each class, a neutral 
particle can be removed, ion is chosen by each class, or unnecessary ion is removed, and also when the 
mass range which should be chosen is discontinuous, unnecessary ion and an unnecessary neutral 
particle can be removed. 
[0013] 

[Embodiment of the Invention] (Example 1) The ion trap mold mass spectroscope which is the 1st 
example of this invention is explained. Drawing 1 is the schematic diagram of the ion trap mold mass 
spectroscope of this example. Before the ion trap mold mass spectroscope of this example performs 
mass analysis in the ion trap mold mass analysis section 5, they are a deflection and the mass selection 
section 1 0, and tends to obtain the analysis result of a high resolution and a high S/N ratio by raising the 
concentration of the sample ion which should remove and carry out mass analysis of unnecessary ion 
and an unnecessary neutral molecule. 

[0014] The ion trap mold mass spectroscope of this example The mixture sample which is the object of 
mass analysis The gas chromatograph which carries out segregation (GO) and a liquid chromatograph 
Preprocessor 2. and the sample and solvents by which segregation was carried out, such as (LO) The 
focusing lens system 4 and the focusing lens system 4 which converge the ion beam supplied from the 
deflection and the mass selection section 10, and the deflection and the mass selection section 10 which 
remove unnecessary ion and an unnecessary neutral molecule from the ion beam in which the ionization 
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section 3 and the solvent molecule to ionize, and a sample are contained The mass separation of the 
sample ion contained in the ion beam which passed The ion trap mold mass analysis section 5 to 
perform. The ion detached by mass in the ion trap mold mass analysis section 5 It has RF generator 20 
of the detector 6 to detect, the data-processing section 7 which processes the class and number of the 
detected ion, and a deflection and for mass selection section 10, the high-frequency-voltage power 
source 8 for ion trap mold mass analysis section 5, and the control section 9 that controls these 
actuation. 

[0015] First, the ion trap mold mass analysis section 5 is explained. The ion trap mold mass analysis 
section 5 is shown in drawing 2 . The ion trap mold mass analysis section 5 is opposed so that the ring 
electrode 51 and it may be inserted, and it consists of two end cap electrodes 52 and 53. Direct current 
voltage U and high-frequency voltage Vcosomegat are impressed to each inter-electrode one from the 
high-frequency-voltage power source 8, and quadrupole electric field are built by inter-electrode space. 
[0016] The ion beam which was detached by a deflection and mass in a deflection and the mass 
selection section 10, and passed the focusing lens system 4 passes along the main opening 13 of the end 
cap electrode 52, is supplied between the ring electrode 51 and the end cap electrodes 52 and 53, and is 
caught by quadrupole electric field. 

[0017] The stability of the orbit of the ion caught by this quadrupole electric field becomes settled with a 
value and q value of (1) type, a value and q value are the ring electrode bore rO. It is given by the 
amplitude V of the direct current voltage U impressed to an electrode, and high-frequency voltage, the 
angular frequency omega of high-frequency voltage, and mass pair charge ratio m/Z of ion. here — Z — 
the valence of ion, and m — mass and e — base — a charge is expressed 
[0018] 
[Equation 1] 

8qU Z 4eV Z 



(1) it 



[0019] Each ion supplied to ion trap inter-electrode has a value according to mass pair charge ratio m/Z 
(a, q), respectively. 

[0020] The range of a and q to which ion has a stable orbit in drawing 3 in ion trap tnter-electrode space 
(stable zone) is shown, 

[0021] High-frequency voltage Vcosomegat When impressed by the ring electrode 51, since a value of 
each ion is set to 0 with direct current voltage U= 0, each ion will be located on q shaft which it is among 
[ a= 0 ] stable zones. Each ion is q= 0 to q= 0.908 on q shaft to order, although the value of mass pair 
charge ratio m/Z is small from a large thing. It is located in the range of until. All the ion located on q 
shaft of a stable zone vibrates to stability in inter-electrode space, and is caught by inter-electrode. 
Then, the ion detached by mass is detected by the detector 6 through the main opening 55 of the end 
cap electrode 53, and a mass spectrum is obtained as a final analysis result. 
[0022] Next, a deflection and the mass selection section 10 are explained. 

[0023] The deflection quadrupole electrode system 11 of a deflection and the mass selection section 10 
is shown in drawing 4 . The deflection quadrupole electrode system 1 1 has four pin electrodes 12a, 12b, 
1 2c, and 1 2d, and it is carrying out the comparable bow of each pin electrode 1 2 in the same direction so 
that uniformly [ each inter-electrode distance ]. Four pin electrodes 1 2 are curving to serpentine 
[ loose ] so that the direction as for which the ion to the deflection quadrupole electrode system 1 1 
carries out incidence, and the direction ion carries out [ a direction ] outgoing radiation from the 
deflection quadrupole electrode system 1 1 may become almost parallel. The superposition electrical 
potential difference (** (Uq+Vqcosomegaqt)} of the direct current voltage Uq and high-frequency voltage 
Vqcosomegaqt from which a sign differs with an adjacent pin electrode is impressed to four pin 
electrodes 12. 

[0024] The electrical potential difference impressed to a pin electrode 1 2 is controlled by the control 
section 9. High-frequency-voltage**Vqcosomegaqt impressed to four pin electrodes 12 at this time A 
frequency is the high-frequency voltage Vcosomegat impressed to the ring electrode 51 of the ion trap 
mold mass analysis section 5. You may differ on a frequency and a theoretical target, however, the 
frequency of the high-frequency voltage impressed to the ring electrode 51 of the ion trap mold mass 
analysis section 5 and the frequency of the high-frequency voltage impressed to four pin electrodes 12 - 
- the same — or if it sets up an integral multiple. 1 time for an integer, etc., since it branches and the 
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electrical potential difference impressed to the ring electrode 51 can be impressed also to the deflection 
quadrupole electrode system 1 1, duplication of a high-frequency-voltage power source is avoidable. 
[0025] Four pin electrodes 1 5 of the deflection quadrupole electrode system 1 1 explain below the 
principle which can remove unnecessary ion and an unnecessary neutral molecule. 

[0026] First the fundamental quadrupole electric field made among four parallel pin electrodes 14 of the 
quadrupole electrode system 13 as shown in drawing 5 explain that mass selection of ion can be 
performed. Only the point which is not curving only differs from four pin electrodes 12 of the deflection 
quadrupole electrode system 1 1 . and an inter-electrode distance and the inter-electrode electrical 
potential difference impressed of four pin electrodes 14a, 14b, 14c, and 14d are the same. If an electrical 
potential difference is impressed to four pin electrodes 14. quadrupole electric field will be built between 
pin electrodes 14. 

[0027] It becomes settled whether ion penetrates the inside of this quadrupole electric field to stability 
with a value and q value which are given by (2) formulas, a value and q value are the mesial magnitude rq 
of two inter-electrode distance which is on the diagonal line with the square which four pin electrodes 14 
make. It is given by the amplitude Vq of the direct current voltage Uq impressed to a pin electrode 1 4, 
and high-frequency voltage, angular-frequency omega q, and also mass pair charge ratio m/Z of ion. here 
— Z — the valence of ion, and m — mass and e — base — a charge is expressed. 



[0029] Each ion supplied between pin electrodes 1 5 has a value according to mass pair charge ratio m/Z 
(aq, qq), respectively. 

[0030] aq in case ion penetrates between pin electrodes 1 4 to stability at drawing 6 , and the range of qq 
(stable transparency field) are shown. Although each ion is located in the aq-qq flat surface of drawing 6 
with the value of (aq, qq) and the ion of a stable transparency field penetrates between pin electrodes 14 
to stability, an orbit destabilizes the ion besides a stable zone and it cannot penetrate between pin 
electrodes 14. 

[0031] If only high-frequency-voltage^^jcVqcosomegaqt is impressed to a quadrupole electrode, it is aq of 
each ion at Uq=0. Since a value is set to 0, each ion will be located on qq shaft which is aq=0 among 
stable zones. From what has the large value of mass pair charge ratio m/Z, although each ion is small, it 
is located on q shaft at order in the direction where q= 0 to q becomes large. Since it is the range from 
q= 0 to qq=0.908, the stable zone on q shaft is qq beyond qq=0.908. All ion with a value, i.e.. the ion with 
mass number pair charge ratio m/Z below the mass number pair charge ratio equivalent to qq=0.908, 
cannot penetrate between pin electrodes 14. 

[0032] Therefore, qq of unnecessary ion Electrical-potential-difference**Vqcosomegaqt impressed to a 
pin electrode 14 so that a value may come outside a stable transparency field By adjusting, unnecessary 
ion is removable. Thus, between pin electrodes can be made to penetrate selectively according to mass 
pair charge ratio m/Z of ion by adjusting eIectrical-potential-difference**Vqcosomegaqt impressed to 
the pin electrode 14 of the quadrupole electrode system 13. 

[0033] Electrical-potential-difference**Vqcosomegaqt impressed to the pin electrode 12 shown in 
drawing 4 also by this example Mass selection of the ion same with having adjusted and mentioned above 
can be performed. Moreover, the quadrupole electric field made between the pin electrodes 1 2 of the 
deflection quadrupole electrode system 1 1 are curving along with the curved pin electrode 1 2. Although 
the selected ion is deflected by curved quadrupole electric field, and meets and moves between pin 
electrodes 1 2 and outgoing radiation is carried out from the deflection quadrupole electrode system 1 1 , 
since a neutral molecule goes straight on in the direction which carried out incidence, it is separated 
with the selected ion. Therefore, a neutral molecule is removed and only the selected ion is conveyed to 
the ion trap mold mass analysis section 5. 

[0034] To drawing 7 , solvent molecules are 90amu(s). Below, it is 90amu. The example of the orbital 
analysis of the ion in the deflection quadrupole electrode system 1 1 at the time of using the ion of the 
following mass numbers as unnecessary ion is shown. High-frequency-voltage**Vqcosomegaqt was set 
up so that it might be equivalent to (0, 0.908) of drawing 8 in (aq. qq) of the unnecessary ion of 90amu(s). 



[0028] 
[Equation 2] 




• <2) S 
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[0035] According to the analysis result of drawing 7 . it is 90amu. Although it becomes unstable [ the 
following unnecessary ion ] and is removed from the deflection quadrupole electrode system 1 1 , to high 
mass number ion, it has passed from it to stability. Moreover, it has turned at the medial axis of the ion 
trajectory which passed to stability in accordance with the configuration of the curved pin electrode 1 2. 
and the ion passed to stability can advance to the ion trap mold mass analysis section 5. However since 
a neutral molecule goes straight on, without deviating by quadrupole electric field, it cannot advance to 
the ion trap mass analysis section 5. 

[0036] therefore, low [ by a lot of unnecessary ion ], since according to the ion trap mold mass 
spectroscope of this example unnecessary ion and an unnecessary neutral molecule can be removed and 
the concentration of the sample ion which should be carried out mass analysis can be raised by the 
deflection quadrupole electrode system 1 1 — resolution — the which does not receive adverse 
effects, such as-izing and generating of the noise by the neutral molecule. — more — a high resolution - 
- and mass analysis can be performed by the higher S/N ratio. 

[0037] moreover, by the deflection quadrupole electrode system 1 1 explained by this example Before and 
after an ion beam passes the deflection quadrupole electrode system 1 1 , since the beam travelling 
direction is almost parallel As shown in drawin g 9 , it can respond easily only by shifting a shaft and 
installing a deflection and the mass selection section 10 of this example also to the existing equipment 
the direction as for which ion carries out incidence from the ion source, and whose shaft of the ion trap 
mold mass analysis section 5 and the gap electrodes 52 and 53 correspond. 

[0038] (Example 2) Next, the 2nd example of this invention is explained. In this example, in the deflection 
quadrupole electrode system 1 1 of a deflection and the mass selection section 1 0, as shown in drawing 
10 , the pin electrode 15 incurvated so that the direction of incidence and the direction of outgoing 
radiation of an ion beam might differ from each other was used. However, the pin electrode 1 5 has 
incurvated the pin electrode 1 2 so that inter-electrode distance may not change, and so that the 
direction of incidence and the direction of outgoing radiation of an ion beam may make about 90 degrees. 
Thus, if the pin electrode 12 is incurvated, it is separable with the selected ion also to the neutral 
molecule which carries out incidence to the deflection quadrupole electrode system 1 1 with various 
include angles. 

[0039] according to this example — a neutral molecule — more — being removable — more — a high 
resolution — and mass analysis can be performed by the higher S/N ratio. 

[0040] (Example 3) The 3rd example of this invention is explained. In this example, as shown in drawing 
11 . not only the high-frequency voltage Vqcosomegaqt but the direct current voltage Uq (Uq!=0) 
impresses the electrical potential difference impressed to the pin electrode 12 of the deflection 
quadrupole electrode system 1 1 . (2) By the formula, the point (aq, qq) of ion is located in a line on the 
straight line of aq=2 Uqqq/Vq of drawing 1 2 . This aq=2 Uqqq/Vq Only the ion which corresponds in the 
field where a stable transparency field laps with a straight line passes through the inside of a quadrupole 
electrode to stability, an orbit destabilizes the other ion kind and it is removed. If the mass range of the 
ion which passed through the inside of a quadrupole electrode to stability is set to Ml [amu] - Mn [amu], 
the mass spectrum eventually obtained in the ion trap mold mass analysis section 5 will be restricted 
within the limits of Ml [amu] - Mn [amu], as shown in drawing 13 . 

[0041] therefore, the case where the mass range of the ion which should be carried out mass analysis is 
known — a upper limit and a lower limit — corresponding (aq, qq) — what is necessary is just to adjust 
electrical-potential-difference (Uq+Vqcosomegaqt) impressed to a pin electrode 1 2, as it is in a 
stable zone 

[0042] Moreover, as shown in drawing 14 . Uq+Vqcosomegaqt is adjusted so that the straight line of aq=2 
Uqqq/Vq may cross near the top-most vertices of a stable transparency field. Thus, mass pair charge 
ratio value MO which corresponds near the top-most vertices of a stable transparency field by drawing 
14 when an electrical potential difference is impressed to a pin electrode 12 The ion which it has carries 
out the stable transparency of the quadrupole inter-electrode, and all the other ion is removed. 
Moreover, a neutral molecule is removed from the deflection quadrupole electrode system 11 like the 1st 
example. Therefore, mass pair charge ratio value MO Incidence only of the ion which it has will be carried 
out into the ion trap mold mass analysis section 4, and a trap will be carried out to ion trap inter- 
electrode, and it will carry out stable oscillation. 

[0043] since the selection range of ion can be limited [ according to this example ] more in addition to 
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the effectiveness by the 1 st example — more — a high resolution — and mass analysis can be 
performed by the higher S/N ratio. 

[0044] (Example 4) Next, the ion trap mold mass spectroscope which is the 4th example of this invention 
is explained. The schematic diagram of the ion trap mold mass spectroscope of this example is shown in 
drawing 15 . The ion trap mold mass spectroscope of this example establishes the auxiliary alternating- 
voltage power source 21 for deflection quadrupole electrode system 1 1. and differs from the ion trap 
mold mass spectroscope ( drawing 1 ) of the 1 st example in the place which impresses 
Vqcosomegaqt+vq'cosomegaqt to the pin electrode 15 of the deflection quadrupole electrode system 11. 
The auxiliary alternating-voltage power source 21 is controlled by the control section 9. 
[0045] A natural-frequency frequency changes with values of the mass pair charge ratio of ion within a 
quadrupole electrode as well as the inside of an ion trap electrode. Therefore, as shown in drawing 16 , it 
is auxiliary alternating-voltage**vq cosomegaqt to a pin electrode 12. By impressing and generating 
auxiliary alternating current electric field between pin electrodes 12. specific ion can be made into a 
resonance state and it can remove from between pin electrodes 1 2. For example, it is auxiliary 
alternating-voltage**vq'cosomegaqt so that only this unnecessary ion (M=Ms) may resonate, when mass 
within the limits of the ion which should be carried out mass analysis is dotted with unnecessary ion 
(M=Ms), as shown in drawing 17 . If it adjusts, this unnecessary ion can be eliminated. 
[0046] (Example 5) Next, the 5th example of this invention is explained. In this example, the quadrupole 
electrode system 13 shown in a deflection and the mass selection section 10 at drawing 18 . and the 
decelerating electrode 31 installed in incidence opening of the quadrupole electrode system 13 and the 
convergent-lens system 32 are used. The quadrupole electrode system 13 has four parallel pin 
electrodes 14 explained by drawing 5 of the 1st example. 

[0047] If incidence of the ion is carried out so that the medial axis of a pin electrode 1 5 may be 
intersected, a decelerating electrode 31 and the convergent-lens system 32 will slow down and converge 
an ion beam. The ion beam which it slowed down and converged enters between pin electrodes 14, and 
the selected ion passes the quadrupole electrode system 1 3. Since a neutral particle goes straight on, 
without being influenced of a decelerating electrode 31 and the convergent-lens system 32, it is removed 
from the quadrupole electrode system 1 3. 

[0048] According to this example, four pin electrodes 14. a decelerating electrode 31, and the 
convergent-lens system 32 are installed, and since the mass of ion can be chosen only by carrying out 
incidence of the ion beam so that the shaft of the quadrupole electrode system 1 3 may be intersected, a 
deflection and the mass selection section 1 0 can be manufactured easily. 

[0049] (Example 6) Next, the 6th example of this invention is explained. In this example, as shown in a 
deflection and the mass selection section 10 at drawing 1 9 . the deflecting electrode 33 installed by 
incidence opening of the quadrupole electrode system 13 and the quadrupole electrode system 13 and 
the convergent-lens system 32 are used The quadrupole electrode system 13 has four parallel pin 
electrodes 14. 

[0050] If incidence of the ion is carried out to a deflecting electrode 33, an ion beam will be deflected by 
the deflection electric field which a deflecting electrode 33 builds, and it will converge by the 
convergent-lens system 32 by it. The deflected ion beam enters between pin electrodes 15. and the 
selected ion passes the quadrupole electrode system 13. Since a neutral particle goes straight on. 
without being influenced of the deflection electric field which a deflecting electrode 33 builds, it is 
removed from the quadrupole electrode system 1 3. Moreover, as shown in drawing 20 , a deflecting 
electrode 33 and the convergent-lens system 32 may be installed in outgoing radiation opening of the 
quadrupole electrode system 1 3. Mass selection of the ion which carried out incidence between the pin 
electrodes 14 of the quadrupole electrode system 13 is made between pin electrodes 14. and a neutral 
molecule is removed by the deflecting electrode 33 after that. 

[0051] According to this example, since four parallel pin electrodes 14. a deflecting electrode 33, and the 
convergent-lens system 32 can be used, a deflection and the mass selection section 10 can be 
manufactured easily. 

[0052] (Example 7) Next, the 7th example of this invention is explained. In this example, multipole 
electrodes, such as the quadrupole electrode system 1 3 and the deflection octpole electrode system 34, 
are used for a deflection and the mass selection section 1 0. In this example, the mass of an ion beam is 
chosen by the quadrupole electrode system 13 in which mass selectivity is excellent, the deflection 
octpole electrode system 34 is incurvated as shown in drawing 21 , and an ion beam is deflected. Since 
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